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1 
This invention relates generally to apparatus 
responsive fo physical quantities and more in 
particular fo an apparatus for measuring the 
rate of flow of a fluid medium. 
One object of this invention is to provide a 
device responsive to a physical quantity which 
ïs sLmple in its elements and positive and ac- 
curate in ifs operation. 
Another object of this invention is to pro- 
vide an apparatus responsive to fluid flow which 
is usable in the measurement of fluid velocities 
of small magnitude. 
Another object of this invention is to provide 
a device of the class described usable in the 
measurment of the rate of flow of liquids, which 
device is immersible in the liquid and operable 
under conditions of high liquid pressure. 
The foregoing statements are merely illustra- 
tire of the various aires and objects of this 
invention. Other objects and advantages will 
become apparent upon a study of the foregoing 
speciflcation when considered in conjunction 
with the accompanying drawing, in whlch Fig. 
1 is a schematic view in section of a fluid flow 
responsive device embodying the principles of 
this invention. 
Fig. 2 illustrates replacement of the resistance 
element of Fig. 1 by an electromagnetic ele- 
ment and Fig. 3 illustrates replacement of the 
resistance element by a capacitative element. 
The general problem herein is fo provide a 
fluid flow responsive device which is capable 
of measuring small vertical rates of movement 
of submarine raft, such as submarines and 
torpedoes. The indication obtained from the 
device in the form of an electrical quanity or 
in the form of a deflection of an instrument 
being usable in connection with controlling the 
craft in the vertical plane. 
Equipment utilized in such an application 
must, of course, be .capable of withstanding 
large fluid pressures, must be insensitive to var- 
iations in the fluid pressures and at the saine 
rime insensitive fo temloerature excursions which 
are encountered. 
In general, in accomplishing these ends, a 
device has been provided which includes a var- 
iable impedance member Including a pair oï rel- 
atively movable variable impedance elements. 
These elements are moved in OlOposite directions 
in dependence oï fluid flow and are moved in the 
saine direction in dependence oï fluid pressure 
and fluid temperature changes. Thus, it will 
be appreciated that the variable impedance 
member is sensitive fo fluid flow but relatively 
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insensitive fo pressure and temperature varia- 
tions. 
The physical, embodiment of the apparatus 
functioning according to the generalities here- 
 inabove outlined includes a tubular housing  
which may be oï metal or any other suitable 
material capable oï withstanding the operating 
.conditions. The tubular member  is externally 
threaded at both oï its extremities and is closed 
10 at each end by means oï the flexible diaphragms 
2 and 2a, respeCtively. The flexible diaphragms 
may be oï metal..oï any suitable resilient ma- 
terial. These diaphragms are preïerably bonded 
to the ends oï the tubular member and me- 
1 chanical strength imparted to the assembly by 
means oï the flange nuts 3 and 4 which re- 
spectively thread over the ends oï the tubular 
member  and securely seat upon outwardly 
flanged portions oï the flexible diaphragms 2 
20 and 2a, thus sealing the tubular member and 
forming a fluid tight chamber therewithin. 
This chamber is completely fllled with off a 
so as fo eliminate all air pockets and thereïore, 
in effect, to provlde a mechanical connection 
25 between the diaphragms 2 and 2a. 
Within the chamber of the tubular member 
and completely immersed in the oil therein, a 
variable resistor assembly generally designated 
5, is carried upon a rack 5 which in turn is slid- 
30 ably mounted in a guide  secured fo the in- 
ner wall of the tubular member . As a sub- 
stitute for guide  the rack 5 may be supported 
on fiat springs fastened at their bottom ends 
fo the tubular member  and af their top ends 
35 fastened fo rack 5, the springs being arranged 
in parallel relation at each end of rack 5 
and affording a single degree of freedom of 
movement of the rack and resistor assembly in 
the same directions as afforded by the guide . 
40 As illustrated, the variable resistor 5 is of the 
wire wound type including a resistor wire 8 
wound or otherwise suitably fastened upon a 
suitable form 9 secured by clamps 0 upon the 
rack 5. The movable tap  of this resistor is 
45 connected to a rod |2 which may be guided 
in a suitable bearing 3 secured ai diametri- 
cally opposite points in the tubular member and 
which rod is connected by a suitable fastening 
means 4 to the center point of the inner face 
50 of the flexible diaphragm 2. Thus, if will be 
appreeiated that movement of the diaphragm 2 
will actuate the movable tap  with respect 
fo the turns of resistance wire 8 fo effect a 
change of resistance in the circuit including the 
 battery B and the indicating instrument 5, 
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diagrammatically illustrated in the figure. This 
circuit as shown extends through bushings 
and 18 in the wall of the tubular member 
forming a fluid tight connection of the external 
circuit with the internal circuit including one 
end of the resistor and the movable tap. 
The resistor rack is actuated by the diaphragm 
2a. Thïs connection is accomplished by means 
of a lever 9 which is pivotally mounted ai 29 
by a suitable supporting means (hot shown) se- l0 
cured fo the inner wall of the tubutar, more.- 
ber. The point of pivoting 29 lies between the 
extremities of the lever. The extremitàes, of the 
lever are slotted longitudinally ther.eoL ai the 
bottom end of, as viewed, to receive 
secured in the left-hand end of the resistor rack 
6, and to receive in the upper slot l;hereof a pin 
22 mounted in the forked extremity of a rod 
23 connected by suitable fastening means 
to the central portion of the inside face of the 20 
flexible diaphragm 2a. Thus, if will be appre- 
ciated that upon deflection of the movable dia- 
phragm 2a and assuming this deflectio is in- 
v¢ardly of the chamber within the tubuIar mem- 
ber I, the lever 9 wflï be rotated clockv¢ise as 25 
viewed, to more the resistor rack 6 to the left 
ïn a. direction opposie to the displaceraent of 
the actuating diaphragm 
Either diaphragm may be actuated b¥ a suit- 
able biasing means responsive fo the fiow of 30 
fiuid medium in which the fluid fiow respònsive 
device is immersed. As. illustrated, the dia- 
phragm 2 has applied thereto a force propor- 
tibnal: to fuid flow by means of a fiat, plate 
2:4 which is mounted ai the free extremity of a 35 
bell. crank 26., which belI crank is pivotally 
mounted on a pin 26 carried by suitabIe slots 
2] which re connected to the flange nut or ring 
. The remaining extremi.ty 28 of bell crank 
2 is slo%ed longitudinally of the belI crank arm 40 
to receïve therein, a pin 29 passing through the 
forked extremity of a rod 9 which is secured 
fo the outer face of the diaphrgm 2 substan- 
tially coaxially of the rod 2 secured t-e the in- 
side face of this di.aphragm. 45 
Thus assuming a flow of fluid past the device 
in the direction indicated by the arrow beneath 
the fiat plate 2, the fiat plate 2 w.ill effect 
counterclockwise rotation of belI crank 
pIy'mg a thrust towards the lef to the diaphragm 5O 
2 tending to more the movable tap ! ! to the left 
tong the resistor 6-. Displacement of the dia- 
ihagm  fo the left shifs the volume of fiuid 
tewards the left exerting a force towards the 
Iefi; upon the diaphragm 2a effecting a displace- 55 
meni; thereof in exact correspondence with that 
of the diaphragm 2. This latter displacement 
rotates the lever |9 about its pivot 2{! in a coun- 
tercteckwise direction moving the resistor rack 
towards the right as viewed, thus adding an 
additionat res}stance change fo. that effected by 
movement of the tap | |: alone and in effect deu- 
bling the sensitivity oï the system fo the fluid 
flow. 
With the assembly indicated, it witl be noted 6,5 
that incresing fluid pressure exerts an inwardly 
directed force upon both of the flexible dia- 
phragms  and 2a. Displacements which may 
occur from these forces due fo the compressîbil- 
ity er the dïelectric fluid medium, for example, 70 
oiI contained within the chamber, result in si- 
muItneous movement of the movable tap 
and the resistor assembly . in the saine direc- 
tion. By making the ratio of the moment arms 
of the lever 9 equal fo unity, the movement 
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of the resistor and the tap can be made equal 
and as a consequence, no change in relative 
position of the tap with respect to the resistor 
will occur. 
Changes in temperature of the dielectric 
fluid medium which ,cause changes in volume 
thereof wilt result in forces on. the diaphragm 
assemblies either inwardty or outwardly depend- 
ing upon the direction of volume change of the 
dielectric fluid volume. In a manner similar to 
that deicribed in connection with compensation 
for fluïd pressure changes, the resistor and its 
movble tp are maintained in the saine rela- 
tive. posiïen by the linkage with the two dia- 
phragm assemblies and again preventing a 
change in the relative positioning of the parts. 
If wilt be-appreciated that other tYpes of var- 
iable impedance elements may be substituted 
for the variable resisto indicated. For instance, 
an electromagnetic device having a movable ar- 
mature may be utilized in which case the cote 
an:cl coil of the devïce may be mounteà or the 
resistor rack  and the armature connected, to 
the rod 2 fo be moved thereby. This is fllus- 
trated in Fig. 2. wherein the saine parts bear 
the saine reference characters as in Fig. 1 and 
parts bearing, the primed characters refer fo 
corresponding parts of Fïg.l bearing unprimed 
characters. Movement. of rod !2 moves armature 
' fo increase the inductance or impedance of 
ciï '.. Likewise, a capactor assembl including a 
pair of relatively movable elements may be sub- 
situteoE for the resistor unit. Thi is similarly 
fllustrated in Fig., 3» wherein the rack "' car- 
ries the impedance memb.er 8 ' and the imped- 
ance arying element $", activated by rod 
Magnetc and capacitatïve modifications, may, of 
course, be fed bY an A. C. source rather than 
a battery B. It wfll also be appreciated that a 
carbon prie resistor unit. may be utilized in the 
assembly in place of that. fllustrated. The car- 
b.or prie unit may ho positioned in the. resistor 
rackin the manner fllustrated for the wire wound 
resisto-. In this assembly;, however,, the rod |2 
would abut ene end of the carbon prie unit 
and the lower extremity of the levër  would 
abut the other extremity.. A simflar mechani- 
cal arangement may be utilized upon the sub- 
stitution of  mgnetostrictive type electromag- 
net device for the carbon pile resîstor unit. 
l't will i;herefore be appreciated by %hose 
sldlled ir the art that numerous variations, in 
the design of this device, as well as in the ap- 
plication of this devïce, may be made without 
[epaling from the spiri, and scepe of this in- 
vention. Thus, it is intended that the forego- 
ing disclosure and the illustration of the draw- 
ing are fo be interpreted only as illustrative er 
the principles of this invention and hot con- 
strued in a limiting sense. 
I claim as my invention: 
1. In a device responsive to a physicl quant}ty, 
the cembination of, a tubular member, flexible 
diaphragm means ai each end of said tubular 
member sealing the ends of said tubular mem- 
ber, a dielectric fiuid medium filling said tubular 
member, a variable impedance device having a 
pair of relatively movable impedance varying ele- 
men.ts, means connecting one of said relavely 
movable elements to one diaphragm means fo be 
moved thereby in the same direction as said one 
diaphragm means moves, means Connecting the 
other of said relatively movable elements to the 
other diaphragm means to be moved thereby in 
a direction opposite fo l;he movement of said other 
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diaphragm means and means for applying a force 
to one diaphram means in dependence of the 
physical quantity. 
2. In a device responsive to the flow of a fluid, 
which device is adapted tobe immersed in the 
fluid medium, the combination of, a tubular 
member, a flexible diaphragm assembly at each 
end of the tubular member sealing the ends of 
said tubular member, a dielectric fluid medium 
flllin said tubular member, a variable impedance 
device havin a pair of relatively movable 
pedance varyin elements, means connecting one 
of said relatively movable elements to one dia- 
phragm assembly tobe moved thereby in the 
same direction as the movement of said one dia- 
phram assembly, means connectin the other 
relatively movable element to the other dia- 
phram assembly tobe moved thereby in a direc- 
tion opposite to the movement of said other dia- 
phram assembly, fluid flow responsive means 
and means connecting said fluid flow responsive 
means to one of said diaphragm assemblies to 
effect movement thereof in dependence of fluid 
flow. 
S. In a device responsive to the flow of a fluid, 
which device is adapted tobe immersed in the 
fluid medium, the combination of, a tubular 
member, a flexible diaphragm assembly at each 
end of the tubular member sealin the ends of 
said tubular member, a dielectric fluid medium 
flllin said tubular member, a variable imped- 
ance device havin a pair of relatively movable 
impedance varying elements, means connectin 
one of said relatively movable elements to one 
diaphragm assembly tobe moved thereby in the 
same direction as the movement of said one dia- 
phragm assembly, means connecting the other 
relatively movable element to the other dia- 
phragm assembly tobe moved thereby in a direc- 
tion opposite to the movement of said other dia- 
phragm assembly, a fiat plate, means mounting 
said plate for movement with respect to said 
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tubular member with the surface of said plate 
normal to the path of fluid flow, and means me- 
chanically connecting said fiat plate to one dia- 
phragm assembly. 
5 4. In a device responsive to a flow of fluid, 
which device is adapted tobe immersed in the 
fluid medium, the combination of, a tubular 
member, a flexible diaphragm assembly sealing 
each end of the tubular member, a dielectric 
10 fluid medium fllling said tubular member, a vari- 
able resistor having a movable tap, means con- 
necting the movable tap to one diaphragm as- 
sembly tobe moved thereby in the direction of 
movement of said one diaphragm assembly, 
15 means connecting the resistor to the other dia- 
phragm assembly tobe moved thereby in a direc- 
tion opposite to the movement of said other dia- 
phragm assembly, and means responsive to fluid 
flow for biasing one diaphragm assembly. 
20 5. Apparatus as set forth in claire 4 in which 
said last named means comprises a fiat plate, 
means movably supporting said fiat plate with 
respect to said tubular member, and means con- 
necting said fiat plate to one diaphragm assem- 
25 bly. 
6. Apparatus as deflned in claire 4 in which 
said means connecting said resistor to the other 
diaphragm means comprises a lever, means piv- 
otally mounting said lever between the end 
30 thereof, means connecting said other diaphragm 
means to one end of said lever and means con- 
necting the resistor to the other end of said lever. 
CHAILES G. BEATTY. 
35 REFERENCES CITED 
The following references are of record in the 
file of this paient: 
UNITED STATES PATENTS 
Name Date 
Silling ............ Aug. 21, 1934 
Smulski ............ Dec. 2, 1941 



